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Method and Apparatus for Providing Welding/Plasraa Power 


FIELD OF THE INVENTION 
This invention generally relates to power sources. 
More specifically, this invention relates to power sources 
employed in arc welding, plasma cutting and induction 
heating applications. 

BACKGROUND OF THE INVENTION 
Welding power sources typically convert a power 
input to a necessary or desirable power output tailored for 
a specific application. Welding power source and 
welding/plasma power source, as used herein, include power 
sources employed in welding, plasma cutting and/or induction 
heating. Welding (and cutting and heating) power sources 
typically receive an alternating current (ac) input signal 
and provide a high current output power signal. The input 
signal is typically a sinusoidal line voltage signal 
obtained from a utility source. 

There are many types of welding/plasma power 
sources that provide output power suitable for welding, 
cutting and heating. Suitable prior art welding/plasma 
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power sources include phase control power sources, 
converters, (for example, a series resonant converter 
delivers a sinusoidal output) and inverters. Converter, as 
used herein, includes a power circuit that receives or 
5 provides an ac or dc signal, and converts it to the other of 

an ac or dc signal, or to a different frequency. Inverter, 
as used herein, includes a power circuit that receives or 
provides a dc bus signal that is inverted to be an ac 
signal . 

10 Generally speaking, an inverter-type power source 

receives the sinusoidal line input signal from the utility 
source, rectifies the sinusoidal line input signal, converts 
the rectified signal into a dc bus signal having a 
controllable voltage magnitude, and inverts the dc bus 

15 signal to provide an ac output. The ac output is rectified 

to provide dc welding or cutting output power. Often, the 
voltage magnitude of the dc bus voltage is greater than the 
peak voltage of the rectified input signal in these 
inverter-type power sources. 

20 Inverter power sources suitable for welding, 

cutting and heating include boost, buck and boost-buck power 
sources, all of which are well known in the art. One such 
welding/plasma power source is described in U.S. Pat. No. 
5,601,741, incorporated herein by reference. 

25 Converters and inverters often include an energy 

storage device to deliver energy to the dc bus. Stored 
energy is used to maintain the voltage magnitude of the dc 
bus signal at a desired level during operation of the 
welding/plasma power source. The energy provided to a power 

30 source must be equal (over time) to the energy used (output 

energy plus losses). Generally, the power in equals the 
power used, but an electrical transient, such as that caused 
by a decrease in power in or an increase in power used may. 
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for very short periods of time, result in more power being 
used than provided. Energy stored by the energy storage 
device is used to temporarily make up the difference between 
energy provided and energy used. The energy "shortfall" is 
5 generally for a short period of time because power from a 

utility source provided to the welding/plasma power source 
is able to quickly (on the order of one cycle, e.g.) change 
to the needed level. Generally, welding/plasma power 
sources have been designed using a dc bus capacitor as the 
10 energy storage device. The dc bus capacitor generally has 

as small a capacitance as possible to save on costs ; but 
large enough to provide sufficient energy for the very short 
transients . 

The power source described in U.S. Pat, No. 

15 5,601,741, which receives its input signal from a utility 

source, has a dc bus capacitor C3/C7 as the energy storage 
device. This capacitor is capable of storing approximately 
1,37(P)(T) joules of energy where P is the available output 
power of the welding/plasma power source in watts and T is 

20 the period of the ac input signal in seconds (for a 60 Hz 

input signal, T is approximately equal to 16.67 
milliseconds). The amount of energy stored by the dc bus 
capacitor, and therefore available to the dc bus, is 
proportional to the size (capacitance) of the capacitor, 

25 This prior art welding/plasma power source has a capacitance 

of 400 microfarads (C3 and C7, which are connected in 
series, individually each have a capacitance of 800 
microfarads), or approximately 2.75(P) (T)/(V^) farads where 
V is the magnitude of the dc bus voltage in volts. 

30 However, welding/plasma power sources can also 

receive their ac input signal from a generator source. 
Unlike utility sources which are capable of quickly 
increasing the power in response to the demands of a single 
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welding/plasma power source, generator sources are typically 
limited in the amount of power they are capable of providing 
to a welding/plasma power source and in how fast they can 
react to increased demands for more power. Generator 
5 sources may also experience, in response to electrical 

transients and/or sudden increases in power used (e.g during 
periods of heavy loading), mechanical transients that are 
longer in duration than electrical transients. 

These limitations, which are not present with 

10 utility sources, can reduce the amount of output power that 

is available from the welding/plasma power source when it is 
run off of a generator source. The degradation in output 
power can be as much as 75 percent. Therefore, it is 
desirable to have a welding/plasma power source that, when 

15 run off of a generator source, can provide at least 75 

percent of the power that it is capable of providing when 
run off of a utility source. 

Utility source, as used herein, includes sources 
for which loading by the welding/plasma power source is 

20 insignificant or negligible during normal operation of the 

welding/plasma power source. Generator source, as used 
herein, includes sources for which loading by the 
welding/plasma power source is not insignificant or 
negligible during normal operation of the welding/plasma 

25 power source. 

It is common for a welding/plasma power source, 
when powered by a generator source, to place a heavy load on 
the generator source. This is especially true in plasma 
cutting applications where the plasma cutter draws a 

30 continuous high current output during the plasma cutting 

operation. In these heavy loading situations, the generator 
may temporarily slow down (e.g mechanical transient) and not 
be capable of providing adequate input power to the plasma 


cutter throughout the entire cutting operation. The voltage 
magnitude on the dc bus can dip or sag as a result. Without 
sufficient stored energy available to maintain the voltage 
magnitude of the dc bus at the desired level during these 
heavy loading periods, the available plasma cutting output 
power will be inadequate to maintain a sufficient arc during 
cutting (or welding or heating). 

Recent advances in power factor correction 
circuitry has allowed welding/plasma power sources to 
operate much more efficiently than in the past. Power 
factors of .99 are now typical. As a result, less input 
power to the welding/plasma power source is needed to obtain 
a given output power. This means that smaller generator 
sources (e.g. having output power ratings approaching the 
output power rating of the welding/plasma power source) 
theoretically can be used to run the welding/plasma power 
source. 

However, although the rated output power from 
these smaller generator sources may theoretically be 
adequate, the actual output power from these smaller 
generator sources during heavy loading may not be adequate 
for certain applications such as plasma cutting. 
Furthermore, heavily loading these smaller generators can 
exacerbate the problems related to mechanical transients. 

Prior art energy storage devices are capable of 
maintaining the voltage magnitude of the dc bus signal at an 
adequate level when the welding/plasma power source is 
powered by a utility source. These energy storage devices 
are not capable, however, of maintaining the voltage 
magnitude of the dc bus voltage at an adequate level when 
the welding/plasma power source is powered by a generator 
source which is heavily loaded such as in plasma cutting 
applications. Therefore, it is desirable to have an energy 


storage device that is capable of storing sufficient energy 
to maintain the magnitude of the dc bus voltage at an 
adequate level during heavy loading of the generator source. 

SUMMARY OF THE PRESENT INVENTION 
According to a first aspect of the invention, a 
welding/plasma power source includes an input stage, an 
output stage, and a bus capacitor. The input stage is 
configured to receive an ac input signal having a period of 
T seconds and to rectify the ac input signal to provide a 
rectified intermediate signal having a peak voltage. The 
input stage is also configured to provide a dc voltage 
signal having a voltage of V volts across a dc bus. V is 
greater than the peak voltage of the rectified intermediate 
signal in this embodiment. The output stage is disposed to 
receive the dc voltage signal and is configured to provide 
an available output power signal having a power of P watts. 
The bus capacitor is connected across the dc bus and has a 
capacitance of at least (3PT)/(V^) farads. 

The bus capacitor has a capacitance of at least 
(4PT)/(V^) farads in one alternative embodiment and at least 
(5PT)/(V^) farads in a second alternative embodiment. 

The input stage includes an input rectifier 
configured to receive the ac input signal in one embodiment. 
The input stage also includes a converter configured to 
provide the dc voltage signal in another alternative 
embodiment and the converter is a boost converter in one 
embodiment and a buck converter in another embodiment. 

The input stage includes a converter configured to 
provide the dc voltage signal in yet another embodiment. 

The output stage includes an inverter disposed to 
receive the dc voltage signal in one embodiment and the 
inverter is a pulse width modulating inverter in a second 
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embodiment. The output stage further includes an output 
transformer or an output rectifier configured to provide the 
available output power signal in various alternative 
embodiments . 

5 The output stage includes an output rectifier 

configured to provide the available output power signal in 
yet another embodiment. 

According to a second aspect of the invention, a 
welding/plasma power source includes an input stage, an 

10 output stage, and an energy storage device. The input stage 

is configured to receive an ac input signal having a period 
of T seconds and to rectify the ac input signal to provide a 
rectified intermediate signal having a peak voltage. The 
input stage is further configured to provide a dc voltage 

15 signal having a voltage of V volts across a dc bus. V is 

greater than the peak voltage of the rectified intermediate 
signal in this embodiment. The output stage is disposed to 
receive the dc voltage signal and is configured to provide 
an available output power signal having a power of P watts. 

20 The energy storage device is connected to provide stored 

energy to the dc bus and can store energy of at least 
(1 .5) (PT) joules. 

The energy storage device can store at least 
(2){PT) joules in one alternative embodiment and at least 

25 (2.5) (PT) joules in another alternative embodiment. 

According to a third aspect of the invention, a 
welding/plasma power source includes an input stage, an 
output stage, and a bus capacitor. The input stage is 
configured to receive an ac input signal and to rectify the 

30 ac input signal to provide a rectified intermediate signal 

having a peak voltage. The input stage is further 
configured to provide a dc voltage signal having a voltage 
of V volts across a dc bus. V is greater than the peak 


voltage of the rectified intermediate signal in this 
embodiment. The output stage is disposed to receive the dc 
voltage signal and is configured to provide an available 
output power signal. The bus capacitor is connected across 
the dc bus and has a capacitance of at least 438 
microfarads - 

The bus capacitor has a capacitance of at least 
500 microfarads, at least 583 microfarads, and at least 729 
microfarads in various alternative embodiments. 

According to a fourth aspect of the invention, a 
welding/plasma power source includes an input stage and an 
output stage. The input stage is configured to receive an 
ac input signal from a utility source and a generator and is 
also configured to provide a dc bus signal. The output 
stage is disposed to receive the dc bus signal and 
configured to provide an available output power. The 
available output power has a first value when the ac input 
signal is from the utility source and a second value when 
the ac input signal is from the generator source. The 
second value is at least seventy-five percent of the first 
value. 

The second value is at least ninety percent of the 
first value in one alternative embodiment and at least 
ninety-five percent in a second embodiment. 

According to a fifth aspect of the invention, a 
welding/plasma power source includes an input stage, an 
output stage, and an energy storage device. The input stage 
is configured to receive an ac input signal and to rectify 
the ac input signal to provide a rectified intermediate 
signal having a peak voltage. The input stage is further 
configured to provide a dc voltage signal having a voltage 
of V volts across a dc bus. V is greater than the peak 
voltage of the rectified intermediate signal. The output 


-9- 

stage is disposed to receive the dc voltage signal and is 
configured to provide an available output power signal. The 
energy storage device is connected to provide stored energy 
to the dc bus and can store sufficient energy to maintain 
5 the available output power signal through the duration of 

mechanical transients. 

According to a sixth aspect of the invention, a 
welding/plasma power source includes a generator source, an 
input stage, an output stage, and an energy storage device. 

1 0 The generator source is configured to provide an ac input 

signal having at least one mechanical transient. The input 
stage is configured to receive the ac input signal and to 
rectify the ac input signal to provide a rectified 
intermediate signal having a peak voltage. The input stage 

15 is further configured to provide a dc voltage signal having 

a voltage of V volts across a dc bus. V is greater than the 
peak voltage of the rectified intermediate signal in this 
embodiment. The output stage is disposed to receive the dc 
voltage signal and is configured to provide an available 

20 output power signal. The energy storage device is connected 

to provide stored energy to the dc bus and can store 
sufficient energy to maintain the available output power 
signal through the duration of the mechanical transients. 

According to a seventh aspect of the invention, a 

25 method of providing welding/plasma power includes receiving 

an ac input signal having a period of T seconds, rectifying 
the ac input signal to provide a rectified intermediate 
signal having a peak voltage, providing a dc voltage signal 
having a voltage of V volts across a dc bus, receiving the 

30 dc voltage signal, providing an available output power 

signal having a power of P watts, and providing a 
capacitance of at least (3PT)/{V^) farads across the dc bus. 
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V is greater than the peak voltage of the rectified 
intermediate signal in this embodiment. 

According to an eighth aspect of the invention^ a 
method of providing welding/plasma power includes receiving 
5 an ac input signal having a period of T seconds, rectifying 

the ac input signal to provide a rectified intermediate 
signal having a peak voltage, providing a dc voltage signal 
having a voltage of V volts across a dc bus, receiving the 
dc voltage signal, providing an available output power 

10 signal having a power of P watts, and providing stored 

energy to the dc bus from an energy storage device capable 
of storing at least {1.5)(PT) joules of energy. V is 
greater than the peak voltage of the rectified intermediate 
signal in this embodiment . 

15 According to a ninth aspect of the invention, a 

method of providing welding/plasma power includes receiving 
an ac input signal, rectifying the ac input signal to 
provide a rectified intermediate signal having a peak 
voltage, providing a dc voltage signal having a voltage of V 

20 volts across a dc bus, receiving the dc voltage signal, 

providing an available output power signal, and providing 
capacitance of at least 438 microfarads across the dc bus. 

V is greater than the peak voltage of the rectified 
intermediate signal in this embodiment. 

25 According to a tenth aspect of the invention, a 

method of providing welding/plasma power includes receiving 
an ac input signal from at least one of a utility source and 
a generator source, providing a dc bus signal, receiving the 
dc bus signal, and providing an available output power. The 

30 available output power has a first value when the ac input 

signal is from the utility source and a second value when 
the ac input signal is from the generator source. The 
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second value is at least seventy-five percent of the first 
value in this embodiment. 

According to an eleventh aspect of the invention, 
a method of providing welding/plasma power includes 
5 receiving an ac input signal; rectifying the ac input signal 

to provide a rectified intermediate signal having a peak 
voltage, providing a dc voltage signal having a voltage of V 
volts across a dc bus, receiving the dc voltage signal, 
providing an available output power signal, and providing 

10 stored energy to the dc bus from an energy storage device 

capable of storing sufficient energy to maintain the 
available output power signal through the duration of 
mechanical transients. V is greater than the peak voltage 
of the rectified intermediate signal in this embodiment, 

15 According to a twelfth aspect of the invention, a 

method of providing welding/plasma power includes providing 
an ac input signal from a generator source having at least 
one mechanical transient, receiving the ac input signal, 
rectifying the ac input signal to provide a rectified 

20 intermediate signal having a peak voltage, providing a dc 

voltage signal having a voltage of V volts across a dc bus, 
receiving the dc voltage signal, providing an available 
output power signal, and providing stored energy to the dc 
bus from an energy storage device capable of storing 

25 sufficient energy to maintain the available output power 

signal through the duration of the mechanical transients. V 
is greater than the peak voltage of the rectified 
intermediate signal in this embodiment. 

Other principal features and advantages of the 

30 invention will become apparent to those skilled in the art 

upon review of the following drawings, the detailed 
description and the appended claims. 


BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of the preferred 
embodiment of the present invention; and 

Figure 2 is a detailed diagram of the boost 
circuit of Figure 1 . 

Before explaining at least one embodiment of the 
invention in detail it is to be understood that the 
invention is not limited in its application to the details 
of construction and the arrangement of the components set 
forth in the following description or illustrated in the 
drawings. The invention is capable of other embodiments or 
of being practiced or carried out in various ways. Also, it 
is to be understood that the phraseology and terminology 
employed herein is for the purpose of description and should 
not be regarded as limiting. Like reference numerals are 
used to indicate like components. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While the present invention will be illustrated 
with reference to a particular welding/plasma power source 
configuration it should be understood at the outset that the 
present invention can be implemented with other 
welding/plasma power source configurations, including boost 
converters, buck converters and inverters, boost-buck 
converters and inverters, and phase controlled power 
sources . 

Generally, the present invention provides a 
welding/plasma power source that is capable of running off a 
generator source (as well as a utility source). An energy 
storage device, such as a capacitor in the preferred 
embodiment, is disposed to deliver energy to the dc bus. 
The energy storage capacity of the energy storage device is 
sufficient to allow for operation of the welding/plasma 
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power source during heavy loading of the generator source 
and/or when electrical and mechanical input power transients 
are likely to occur. 

While the preferred embodiment of the present 
5 invention will be illustrated with reference to a capacitor 

as the energy storage device, the present invention is not 
limited to a capacitor as the energy storage device. Energy 
storage device, as used herein, includes devices capable of 
storing energy and capable of delivering the stored energy 
10 to the dc bus such as a capacitor, an inductor or other 

device , 

Referring now to FIG. 1 , the welding/plasma power 
source 100 of the preferred embodiment includes an input 
stage 113 and an output stage 114. Input stage 1 1 3 in the 

15 preferred embodiment includes a rectifier 101, a capacitor 

C4, and a boost circuit 102. Output stage 1 1 4 in the 
preferred embodiment includes a pulse-width modulator (PWM) 
103, an output transformer T3, an output inductor L4, 
feedback current transformers T4 and T5, feedback capacitors 

20 and resistors CI 3, CI 4, R1 2 and R13, and output diodes D1 2 

and D1 3 to provide a welding (or cutting or heating) output 
on output terminals 108. Welding/plasma power source 100 in 
the preferred embodiment also includes a controller 104, an 
auxiliary power controller 105, a cooling fan 110, a front 

25 panel 111, and a remote connector 112. 

Although particular configurations for the input 
stage and output stage are shown in the preferred 
embodiment, the present invention is not limited to these 
configurations. Input stage, as used herein, includes 

30 circuits configured to receive an ac input signal and to 

provide a dc output signal and may include as part thereof a 
rectifier, a transformer, a saturable reactor, a converter, 
an inverter, a filter, and/or a magnetic amplifier. Output 
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stage, as used herein, includes circuits configured to 
receive an input signal and to provide an output power 
signal suitable for welding, cutting and/or heating 
applications. Output stages may include in part, an 
5 inverter, a converter, a rectifier, a transformer an output 

choke, and/or a filter. 

Referring now to Figure 2, the details of the 
preferred embodiment of boost circuit 102 are shown. Among 
other elements, boost circuit 102 includes a dc bus between 

10 lines 115 and 116, a dc bus capacitor CI consisting of 

individual capacitors C3 and C7 connected in series, and 
their associated protective resistors R4 and RIO. Although 
the preferred embodiment of the present invention shows a dc 
bus capacitor comprising two individual series connected 

15 capacitors, the present invention is not limited to this 

configuration. Bus capacitor, as used herein, includes both 
a single capacitor connected across the dc bus or any 
combination of individual capacitors connected in series or 
parallel across the dc bus. 

20 The overall operation of welding/plasma power 

source 100, including the operation of boost circuit 102 are 
well known in the art and are described in U.S. Pat. No. 
5,601,741. Briefly, in accordance with the preferred 
embodiment of the present invention, welding/plasma power 

25 source 100 receives an ac input signal from a generator 

source on input lines 107. The ac input signal from the 
generator source has a period T (in seconds). The ac input 
signal is provided to input rectifier 101. Input rectifier 
101 rectifies the ac input signal to provide a rectified 

30 intermediate signal having a peak voltage. A 10 microfarad 

capacitor 04 is provided for high frequency decoupling of 
boost circuit 102 in the preferred embodiment. The 


-15- 

decoupled rectified intermediate signal is provided to boost 
circuit 102. 

Boost circuit 102 processes the rectified 
intermediate signal provided by input rectifier 101 to 
5 provide a dc bus signal on lines 115, 116 having a 

controllable voltage magnitude V (in volts). In the 
preferred embodiment, the voltage magnitude of the dc bus 
signal is controlled to be approximately 800 volts, 
regardless of the input signal voltage from the generator 
10 source. 

The voltage magnitude of the dc bus signal should 
be at least greater than the peak voltage of the rectified 
intermediate signal, preferably at least 10 percent greater. 
This is provided by the boost circuit in the preferred 

15 embodiment. In other embodiments of the present invention, 

this is provided by a Cuk converter or a SEPIC converter. 

The dc bus signal is provided to PWM 103, where 
the dc bus signal is inverted and pulse-width modulated. 
The output of PWM 103 is provided to an output transformer 

20 T3, which, transforms the output of PWM 103 to provide an 

available output power P (in watts) which is adequate for 
welding, plasma cutting and/or induction heating. In the 
preferred embodiment, the available output power P is 
approximately equal to 5610 watts. 

25 The available output power P, as that term is used 

herein, is the product of the current the welding/plasma 
power source provides during a complete welding (or cutting 
or heating) operation (e.g. for several minutes) at maximum 
output current and the conventional load voltage (U2): 

30 Available Output Power P = [current 

provided by the welding/plasma power 
source (over time) at maximum output 
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current] x [conventional load voltage 
(U2)] 

Conventional load voltage (02)^ as that term is 
used herein, is the voltage having the test value specified 
5 in lEC 60974-1 assuming that the conventional welding 

current (I2) specified in lEC 60974-1 is equal to the 
maximum current output (over time) of the welding/plasma 
power source during a complete welding (or cutting or 
heating) operation. Conventional Welding Current (12)? SlS 
10 that term is used herein, is defined in lEC 60974-1 as the 

current delivered by a welding power source to a 
conventional load at the corresponding conventional load 
voltage . 

The conventional load voltage (U2) specified in lEC 
15 60974-1 for various types of welding and cutting 

applications are as follows: 
Plasma cutting: 

For I2 up to 300 amps, (80+0. 4 I2) volts 
For I2 over 300 amps, U2=200 volts 
20 Manual metal arc welding with covered electrodes: 

For I2 up to 600 amps, U2-(20+0.04 13) volts 
For I2 over 600 amps, U2=44 volts 
Tungsten inert gas and plasma arc welding: 

For I2 up to 600 amps, U2=(10+0.04 I2) volts 
25 For I2 over 600 amps, U2=34 volts 

Metal inert/active gas and self-shielded flux cored arc 
welding: 

For I2 up to 600 amps, U2=( 14+0.05 I2) volts 
For I2 over 600 amps, U2==44 volts 
30 Submerged arc welding: 

For I2 up to 600 amps, U2=(20+0.04 I2) volts 
For I2 over 600 amps, U2==44 volts 
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Generally over time^ the energy (E) available in a 
single cycle T of the input signal from the generator source 
can be expressed in terms of the available power output P 
from the welding/plasma power source as: 
5 E-(P)(T) 

The power demands made on the generator source by the 
welding/plasma power source from time to time, however, can 
result in heavy loading of the generator source. This in 
turn can result in short term transients (on the order of a 

10 cycle T) that reduce the available energy per cycle of the 

input signal below the amount obtained from the formula 
above. In the present invention, this energy "shortfall" is 
overcome by the energy stored in the dc bus capacitor. In 
the preferred embodiment, dc bus capacitor CI can store an 

15 amount of energy equal to the energy (over time) available 
in approximately 2.75 cycles of the input signal, or in 
other words, CI can store an amount of energy equal to 
approximately E=2-75(P)(T) joules. By providing for an 
amount of energy storage equal to that available in 

20 approximately 2.75 cycles of the input signal, the 

welding/plasma power source of the preferred embodiment can 
overcome the transients that occur in the input power which 
are only on the order of a cycle T in length. 

In alternative embodiments of the present 

25 invention, 01 can store an amount of energy at least equal 

to the energy (over time) available in at least 1.5 cycles 
of the input signal (or in other words, E^^^^l . 5 (P) (T) ) , in at 
least 2 cycles of the input signal (E=2(P)(T)), or in at 
least 2.5 cycles of the input signal (E=2 . 5 (P) (T) ) . 

30 Generally, the energy stored by the energy storage 

device should be sufficient to maintain the output of a 
welding/plasma power source, having a dc bus voltage 
magnitude greater than the peak voltage of the rectified 


input signal, for the duration of mechanical transients and 
heavy loading. This in turn should allow the welding/plasma 
power source, in one embodiment, when run off of a generator 
source, to provide at least 75 percent of the available 
output power as compared to when the same welding/plasma 
power source is run off of a utility source. In two 
alternative embodiments, the welding/plasma power source is 
capable of providing 90 and 95 percent comparable power. 

The energy storage capacity of dc bus capacitor CI 
can be expressed in terms of its capacitance value C and the 
magnitude of the dc bus voltage V as: 

E ^ i(C)(v2) 

Setting this equation equal to the previous equation for the 
energy available in a single cycle T of the input signal 
(e.g E=:(P)(T)) and solving for C yields: 

C-2(P) (T)/(v2) 

This equation represents the capacitance value of dc bus 
capacitor CI that will enable CI to provide an amount of 
stored energy equal to the energy stored in one cycle T of 
the input signal from the generator source. 

In the preferred embodiment, CI provides an amount 
of stored energy equal to the energy available in 
approximately 2.75 cycles of the input signal or, in other 
words, the capacitance value of CI in the preferred 
embodiment is approximately C=^5 . 5 (P) (T) / (V^) . 

In other embodiments, capacitor CI has the 
capacity to store energy at least equal to the energy 
available in 1.5 cycles of the input signal (or, in other 
words, a capacitance value of at least C=3 (P) (T) / (V^ ) ) , 2 
cycles of the input signal (a capacitance value of at least 
C==4(P) (T)/ (V^) ) , and 2.5 cycles of the input signal (a 
capacitance value of at least C=5 (P) (T) / (V^ ) ) . 
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In the preferred embodiment, the approximate 
values of P, and V are: P-5610 watts, T=16.67 
milliseconds, and V=800 volts. This results in a 
capacitance value for CI of 800 microfarads in the preferred 
5 embodiment (note that individual capacitors C3 and C7 have a 

capacitance value of 1600 microfarads each). In other 
embodiments, capacitor CI has capacitance values of at least 
438 microfarads, at least 500 microfarads, at least 583 
microfarads and at least 729 microfarads. 
10 It should be understood that all of the 

alternative embodiments disclosed herein are meant to be 
only representative examples. The present invention also 
includes intermittent values that will allow for sufficient 
energy storage . 

15 Numerous modifications may be made to the present 

invention which still fall within the intended scope hereof. 
Thus, it should be apparent that there has been provided in 
accordance with the present invention a method and apparatus 
for allowing a welding/plasma power source to be run off of 

20 a generator source that fully satisfies the objectives and 

advantages set forth above. Although the invention has been 
described in conjunction with specific embodiments thereof, 
it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. 

25 Accordingly, it is intended to embrace all such 

alternatives, modifications and variations that fall within 
the spirit and broad scope of the appended claims. 
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CLAIMS 

The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined as 
follows : 


1 1. A welding/plasma power source comprising: 

2 an input stage configured to receive an ac input 

3 signal having a period of T seconds and to rectify the 

4 ac input signal to provide a rectified intermediate 

5 signal having a peak voltage and further wherein the 

6 input stage provides a dc voltage signal having a 

7 voltage of V volts across a dc bus, wherein V is 

8 greater than the peak voltage of the rectified 

9 intermediate signal ; 

10 an output stage disposed to receive the dc voltage 

11 signal and configured to provide an available output 

12 power signal having a power of P watts; and 

13 a bus capacitor connected across the dc bus 

14 wherein the bus capacitor has a capacitance of at least 

15 (3PT)/(V^) farads- 

1 2. The welding/plasma power source of claim 1 

2 wherein the capacitance is at least (4PT)/(V^). 

1 3. The welding/plasma power source of claim 1 

2 wherein the capacitance is at least (5PT)/(V^). 

1 4. The welding/plasma power source of claim 1 

2 wherein the input stage includes an input rectifier 

3 configured to receive the ac input signal. 
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1 5. The welding/plasma power source of claim 4 

2 wherein the input stage further includes a converter 

3 configured to provide the dc voltage signal. 

1 6. The welding/plasma power source of claim 5 

2 wherein the converter is a boost converter. 

1 7. The welding/plasma power source of claim 5 

2 wherein the converter is a buck converter. 

1 8. The welding/plasma power source of claim 1 

2 wherein the input stage includes a converter configured to 

3 provide the dc voltage signal , 

1 9. The welding/plasma power source of claim 1 

2 wherein the output stage includes an inverter disposed to 

3 receive the dc voltage signal. 

1 10. The welding/plasma power source of claim 9 

2 wherein the inverter is a pulse width modulating inverter. 

1 11. The welding/plasma power source of claim 9 

2 wherein the output stage further includes an output 

3 transformer configured to provide the available output power 

4 signal. 

1 12. The welding/plasma power source of claim 9 

2 wherein the output stage further includes an output 

3 rectifier configured to provide the available output power 

4 signal. 
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1 13. The welding/plasma power source of claim 1 

2 wherein the output stage includes an output rectifier 

3 configured to provide the available output power signal. 

1 14. A welding/plasma power source comprising: 

2 an input stage configured to receive an ac input 

3 signal having a period of T seconds and to rectify the 

4 ac input signal to provide a rectified intermediate 

5 signal having a peak voltage and further wherein the 
5 input stage provides a dc voltage signal having a 

7 voltage of V volts across a dc bus, wherein V is 

8 greater than the peak voltage of the rectified 

9 intermediate signal; 

10 an output stage disposed to receive the dc voltage 

11 signal and configured to provide an available output 

12 power signal having a power of P watts; and 

13 an energy storage device connected to provide 

14 stored energy to the dc bus, wherein the energy storage 

15 device can store energy of at least {1.5)(PT) joules. 

1 15. The welding/plasma power source of claim 1 4 

2 wherein the energy storage device can store energy of at 

3 least (2) (FT) joules. 

1 16. The welding/plasma power source of claim 14 

2 wherein the energy storage device can store energy of at 

3 least (2,5) (PT) joules. 

1 17. A welding/plasma power source comprising: 

2 an input stage configured to receive an ac input 

3 signal and to rectify the ac input signal to provide a 

4 rectified intermediate signal having a peak voltage and 

5 further wherein the input stage provides a dc voltage 
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6 signal having a voltage of V volts across a do bus, 

7 wherein V is greater than the peak voltage of the 

8 rectified intermediate signal; 

9 an output stage disposed to receive the dc voltage 

10 signal and configured to provide an available output 

11 power signal; and 

I 2 a bus capacitor connected across the dc bus 

13 wherein the bus capacitor has a capacitance of at least 

14 438 microfarads. 

1 18. The welding/plasma power source of claim 17 

2 wherein the capacitance is at least 500 microfarads. 

1 19. The welding/plasma power source of claim 17 

2 wherein the capacitance is at least 583 microfarads. 

1 20- The welding/plasma power source of claim 17 

2 wherein the capacitance is at least 729 microfarads. 

1 21 . A welding/plasma power source comprising: 

2 an input stage configured to receive an ac input 

3 signal from a utility source and a generator source and 

4 further wherein the input stage provides a dc bus 

5 signal; 

5 an output stage disposed to receive the dc bus 

7 signal and configured to provide an available output 

8 power wherein the available output power has a first 

9 value when the ac input signal is from the utility 

10 source and a second value when the ac input signal is 

I I from the generator source and further wherein the 

12 second value is at least seventy-five percent of the 

13 first value. 
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1 22. The welding/plasma power source of claim 21 

2 wherein the second value is at least ninety percent of the 

3 first value. 

1 23. The welding/plasma power source of claim 21 

2 wherein the second value is at least ninety-five percent of 

3 the first value. 

1 24. A welding/plasma power source comprising: 

2 an input stage configured to receive an ac input 

3 signal and to rectify the ac input signal to provide a 

4 rectified intermediate signal having a peak voltage and 

5 further wherein the input stage provides a dc voltage 

6 signal having a voltage of V volts across a dc bus, 

7 wherein V is greater than the peak voltage of the 

8 rectified intermediate signal; 

9 an output stage disposed to receive the dc voltage 

10 signal and configured to provide an available output 

11 power signal; and 

12 an energy storage device connected to provide 

13 stored energy to the dc bus, wherein the energy storage 

14 device can store sufficient energy to maintain the 

15 available output power signal through the duration of 
15 mechanical transients. 

1 25. A welding/plasma power source comprising: 

2 a generator source configured to provide an ac 

3 input signal wherein the ac input signal includes at 

4 least one mechanical transient; 

5 an input stage configured to receive the ac input 
5 signal from the generator source and to rectify the ac 

7 input signal to provide a rectified intermediate signal 

8 having a peak voltage and further wherein the input 
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9 stage provides a dc voltage signal having a voltage of 

10 V volts across a dc bus, wherein V is greater than the 

11 peak voltage of the rectified intermediate signal; 

12 an output stage disposed to receive the dc voltage 

13 signal and configured to provide an available output 

14 power signal; and 

15 an energy storage device connected to provide 

16 stored energy to the dc bus, wherein the energy storage 

17 device can store sufficient energy to maintain the 

18 available output power signal through the duration of 

19 the at least one mechanical transient. 

1 26- A method of providing welding/plasma power 

2 comprising: 

3 receiving an ac input signal having a period of T 

4 seconds; 

5 rectifying the ac input signal to provide a 

6 rectified intermediate signal having a peak voltage; 

7 providing a dc voltage signal having a voltage of 

8 V volts across a dc bus, wherein V is greater than the 

9 peak voltage of the rectified intermediate signal; 

10 receiving the dc voltage signal; 

11 providing an available output power signal having 

12 a power of P watts; and 

13 providing a capacitance of at least (3PT)/(V^) 

14 farads across the dc bus. 

1 27, The method of claim 26 wherein the 

2 capacitance is at least {4PT)/(V^). 

1 28. The method of claim 26 wherein the 

2 capacitance is at least (5PT)/(V^). 
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1 29. A method of providing welding/plasma power 

2 comprising: 

3 receiving an ac input signal having a period of T 

4 seconds; 

5 rectifying the ac input signal to provide a 

6 rectified intermediate signal having a peak voltage; 

7 providing a dc voltage signal having a voltage of 

8 V volts across a dc bus, wherein V is greater than the 

9 peak voltage of the rectified intermediate signal; 

10 receiving the dc voltage signal; 

11 providing an available output power signal having 

12 a power of P watts; and 

1 3 providing stored energy to the dc bus from an 

1 4 energy storage device capable of storing at least 

15 {1.5){PT) joules of energy. 

1 30. The method of claim 29 wherein the energy 

2 storage device can store energy of at least (2)(PT) joules. 

1 31 . The method of claim 29 wherein the energy 

2 storage device can store energy of at least (2.5) (PT) 

3 joules - 

1 32. A method of providing welding/plasma power 

2 comprising: 

3 receiving an ac input signal; 

4 rectifying the ac input signal to provide a 

5 rectified intermediate signal having a peak voltage; 

6 providing a dc voltage signal having a voltage of 

7 V volts across a dc bus, wherein V is greater than the 

8 peak voltage of the rectified intermediate signal; 

9 receiving the dc voltage signal; 

10 providing an available output power signal; and 
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1 1 providing capacitance of at least 438 microfarads 

12 across the dc bus. 

1 33. The method of claim 32 wherein the 

2 capacitance is at least 500 microfarads. 

1 34. The method of claim 32 wherein the 

2 capacitance is at least 583 microfarads. 

1 35. The method of claim 32 wherein the 

2 capacitance is at least 729 microfarads. 

1 36. A method of providing welding/plasma power 

2 comprising: 

3 receiving an ac input signal from at least one of 

4 a utility source and a generator source; 

5 providing a dc bus signal; 

6 receiving the dc bus signal; 

7 providing an available output power wherein the 

8 available output power has a first value when the ac 

9 input signal is from the utility source and a second 

10 value when the ac input signal is from the generator 

1 1 source and further wherein the second value is at least 

12 seventy-five percent of the first value. 

1 37. The method of claim 36 wherein the second 

2 value is at least ninety percent of the first value. 

1 38. The method of claim 36 wherein the second 

2 value is at least ninety-five percent of the first value. 

1 39 . A method of providing welding/plasma power 

2 comprising: 
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3 receiving an ac input signal; 

4 rectifying the ac input signal to provide a 

5 rectified intermediate signal having a peak voltage; 

6 providing a dc voltage signal having a voltage of 

7 V volts across a dc bus, wherein V is greater than the 

8 peak voltage of the rectified intermediate signal; 

9 receiving the dc voltage signal; 

10 providing an available output power signal; and 

1 1 providing stored energy to the dc bus from an 

12 energy storage device capable of storing sufficient 

13 energy to maintain the available output power signal 

14 through the duration of mechanical transients. 

1 40. A method of providing welding/plasma power 

2 comprising: 

3 providing an ac input signal from a generator 

4 source wherein the ac input signal includes at least 

5 one mechanical transient; 

6 receiving the ac input signal; 

7 rectifying the ac input signal to provide a 

8 rectified intermediate signal having a peak voltage; 

9 providing a dc voltage signal having a voltage of 

10 V volts across a dc bus, wherein V is greater than the 

11 peak voltage of the rectified intermediate signal; 

12 receiving the dc voltage signal; 

13 providing an available output power signal; and 

14 providing stored energy to the dc bus from an 

15 energy storage device capable of storing sufficient 

16 energy to maintain the available output power signal 

17 through the duration of the at least one mechanical 

18 transient. 


ABSTRACT OF THE DISCLOSURE 


A method and apparatus for providing 
welding/plasma power is disclosed. The welding/plasma power 
source includes an input stage, an output stage, and an 
energy storage device such as a capacitor. The input stage 
5 is configured to receive an ac input signal and to rectify 

the ac input signal to provide a rectified intermediate 
signal. The input stage is further configured to provide a 
dc voltage signal across a dc bus. The output stage is 
disposed to receive the dc voltage signal and is configured 
10 to provide an available output power signal suitable for 

welding, plasma cutting and induction heating applications. 
The energy storage device is connected to provide sufficient 
stored energy to the dc bus to allow the welding/plasma 
power source to run off of a generator, 
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(if only one name is listed below) or a joint inventor (if plural 
inventors are named below) of the subject matter that is claimed, 
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and Apparatus for Providing Welding/Plasma Power of the 
specification of which is attached hereto; 

THAT, I do not know and do not believe that this invention was 
ever known or used in the United States of America before my or our 
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United States of America for more than one year prior to the 
effective date of this application; 
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Sec, 1.56, and which is material to the examination of this 
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like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
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